Purpose To prospectively investigate the relationship between physical function and falls among elderly patients who underwent total knee arthroplasty (TKA) and to determine the incidence of falls as well as their risk factors. Methods A total of 108 patients (17 male, 91 female) over 60 years of age who underwent TKA were enrolled and who were living independently in community. 75 patients fulfilled our inclusion criteria and 74 (8 male, 66 female) of them agreed to participate. Baseline assessment (physical examination, physical performance tests, and self-administered questionnaire) were conducted between 6 and 12 months after the last arthroplasty and the follow-up assessment was performed 6 months after the baseline assessment. Monthly pre-stamped postcards were sent to assess the incidence of falls.
Introduction
Falls in the elderly have become a social problem. In particular, fragility fractures caused by falls in the elderly reduce their daily activity [1] and may lead to conditions requiring nursing care. Prevention of falls is therefore extremely important in allowing elderly people to continue to live independently.
Among the intrinsic risk factors for falls are deformed or painful joints. Age-related deformities of the knees, feet, or spine impair skeletal alignment and balance, thereby increasing the frequency of falls. Osteoarthritis (OA) in particular causes deformities of the knee joints and pain during walking, and has been reported to increase the risk of falls and fractures [2] .
The standard approach to the treatment of deformity and pain in the knee joint is total knee arthroplasty (TKA). TKA is a surgical intervention that eliminates pain and deformity and improves patients' quality of life (QOL). It results in stable outcomes [3] and was performed on approximately 680,000 patients in the USA in 2009 [4] . However, studies have demonstrated persistent deterioration in proprioception of the knee [5] and balance impairment [6] after TKA, and that among the elderly who underwent TKA, quadriceps torque was weaker and walking speed was lower compared with healthy counterparts [7, 8] . These findings suggest that physical functioning in the elderly declines after TKA. Moreover, supracondylar fractures of the femur were shown to occur in 0.3 to 2.5% of patients who underwent TKA [9] [10] [11] , and delayed union or malunion have been reported after the surgical treatment of these fractures [12, 13] . Fractures around knee joints after TKA are thus a serious problem that impairs patients' activities of daily living (ADL) and QOL.
There are few surveys on falls and fractures after TKA. In 2009, Swinkels et al. [14] used a self-administered questionnaire to conduct a prospective study of the incidence of falls in 99 patients who underwent TKA, and showed that a preoperative history of falls and Geriatric Depression Scale (GDS) scores predicted postoperative occurrence of falls. In addition, Levinger et al. [15] identified impairment of lower limb proprioception and weakened knee extension strength as risk factors for falls during the early post-TKA period (within 4 months). However, there is not yet sufficient evidence on whether physical function after surgery is related to falls among the elderly after TKA.
Falls often occur due to impaired physical function and therefore, assessment of motor function [16] is essential when evaluating elderly patients with respect to their risk of falls for preventive purposes. Other risk factors for falls include changes in lower thoracic slope and knee joint angle [16] , weakened lower limb muscles [17] , kyphosis [18] , and deformity of the foot [19] . Many elderly people who undergo TKA suffered from OA or rheumatoid arthritis (RA) before the surgery and therefore tend to exhibit the impairments mentioned above. For this reason, it is important to evaluate the physical functioning [20] of elderly patients who underwent TKA and clarify the risk factors for falls so as to minimize the postoperative incidence of falls and fractures and maintain QOL and ADL.
The present study was conducted to prospectively investigate the relationship between physical function and falls among elderly patients who underwent TKA and to determine the incidence of falls as well as their risk factors.
Patients and methods

Patients
Subjects included 108 patients (17 male, 91 female) over 60 years of age who underwent TKA at the Hakuai Hospital between January 2008 and December 2010, and who were living independently in community. Both bilateral and unilateral TKA patients were included. Their mean age was 75.8 ± 6.1 and their operations took place between 6 and 11 months before the enrollment. Patients were ineligible if they had cognitive impairment, mental disease, cerebrovascular disease, or Parkinson's disease. Seven patients were excluded as they did not meet the inclusion criteria. Another four were excluded due to the need for additional surgery and two due to hospital for fracture treatment. An additional 20 patients were excluded because they did not visit our hospital for follow-up. Thus, 75 patients fulfilled the inclusion criteria and 74 (8 male, 66 female) of them agreed to participate. The investigators provided written and verbal explanations of the study and obtained written consent from the subjects. The mean patient age was 75.7 ± 5.8 years old (range 60-88).
All surgeries were performed with a standard medial parapatellar approach by three orthopedists. The implants used were Scorpio (Stryker, USA) for 70 knees and LCS (DePuy, USA) for 4 knees. Early joint motion and weight bearing were encouraged during hospitalization and patients underwent rehabilitation for about 4 weeks according to the relevant clinical pathway. Postdischarge follow-up was planned for 1, 3, 6 months, and a year after surgery. Table 1 shows patients' preoperative characteristics and surgical information.
We assessed range of motion (ROM) of the knee (flexion, extension, range of flexion and extension) during the preoperative period and conducted the baseline assessment (physical examination, physical performance tests, and self-administered questionnaire) between 6 and 12 months after the last arthroplasty. Follow-up assessment was performed 6 months after the baseline assessment.
Fall assessment
A fall was defined as the subject unintentionally coming to rest on the floor or some lower level and not because of a major intrinsic event. In order to assess the incidence of falls we sent out monthly pre-stamped postcards. The postcard included the following questions: (a) Did you fall during the this month? (b) If you fell, did you fall once, twice, or more than three times? (c) If you fell, did you experience any fractures or injuries? Written reminders were sent if patients did not return their monthly postcard. Patients who completed the postcard incorrectly were contacted by telephone.
Physical examinations
Preoperative and postoperative (baseline period) ROM of the knee (flexion, extension) and ankle (plantar flexion, dorsal flexion) were measured using a goniometer. All measurements were made with the patients sitting on the chair. All assessments were performed on the side that had been operated on, while for patients who had undergone bilateral TKA, we evaluated the side operated on last.
Anterior-posterior drawer test and varus-valgus stress test were performed to assess the instability of the knee on the TKA-affected side. With the patient lying supine, the examiner sat on the examination table in front of the involved knee and grasped the tibia just below the joint line of the knee. We quantify instability using a 4-point ordinal scale (0: rigid, 1: normal, 2: slightly instable, 3: more than moderately instable).
Muscle strength during knee extension on the TKAaffected side was recorded with a hand-held dynamometry (MUSCULATOR GT-10, OG Giken, Okayama, Japan).Each subject was seated in a chair with the hips flexed 90°and the relevant knee flexed to 75° [21] . The hand-held dynamometry was placed in front of facies anterior cruris and the examiner met the resistance of a 5-s maximal isometric knee extension. The measured value was divided by the subject's body weight (Nm/kg).
Hallux valgus was assessed using the Manchester scale [22] . We defined the hallux valgus on a scale from 1 (no deformity) to 4 (severe deformity).
To assess limitations of ankle mobility we used a modified Niki's method [23, 24] . This method evaluates limitation of mobility in the talocalcaneal joint (inversion and eversion). We defined ''limitation'' as the restriction of either inversion or eversion, and as with the other examinations, assessed it on the TKA-affected side or the side last operated on (in patients who had undergone bilateral TKA).
Kyphosis was assessed by Milne's method [25] . A 60-cm flexicurve was placed on the patient's back, with one end on the seventh cervical spine and closely applied to the midline of the back. Patients were then asked to stand as erect as possible. The level of the lumbosacral joint was marked on the flexicurve with a grease pencil, and the instrument was then laid on a piece of paper and the spinal curve was copied by running a pencil along the flexicurve. The index of kyphosis was represented by the height of the thoracic curve divided by spinal length. Kyphosis was defined as present if the index was greater than 15% [26] .
Physical performance test
One-leg standing test
The one-leg standing test was performed on the leg on the TKA-affected side, and consisted of measuring the length of time a patient was able to stand on one leg. We asked patients to stand on one leg for as long as possible with arms resting by their sides. Patients who underwent bilateral TKA were assessed on the last-operated side.
10-m gait test
Patients were asked to walk 14 m at normal speed, with measurements taken only during the middle 10 m (i.e., between the 2-and 12-m points). The first and last 2 m were used to eliminate periods of acceleration and deceleration. We used a modified version of Tiedemann's method [27] . The time and steps required to walk 10 m at normal speed were assessed, and we used these to calculate gait speed (m/s) and step length (m).
Self-administered questionnaire
Japanese Knee Osteoarthritis Measure (JKOM)
Pain, limitation in mobility related to daily activity, and restriction of participation in social life and health perception were assessed with the JKOM. This measure has sufficient reliability and validity for studying clinical outcomes in Japanese people with knee OA. It consists of a visual analogue scale (VAS) and 25 questions (score range 25-125, with 125 being worst). It has shown good correlation with the Western Ontario and McMaster Universities index (WOMAC) and the Medical Outcome 36-Items Short Form (SF-36) [28] . Geriatric Depression Scale (GDS)
The GDS was administered and scored according to published procedures [29, 30] . GDS scores were interpreted as indicating no depression (GDS score B5), probable depression (GDS score [5 and B10), or definite depression (GDS score [10) .
Modified Fall Efficacy Scale (MFES)
The MFES is a 14-item ''balance efficacy'' questionnaire that measures a person's confidence in their ability to avoid a fall during each of 14 essential, non-hazardous activities of daily living (ADLs) [31] . A higher score indicates greater independence or ability to balance (score range, 14-140, with 14 being worst). Full score means the patient has no fear of falling [32] . The MFES has been found to be internally consistent and demonstrates good test-retest reliability [33, 34] .
Statistical analysis
All data are expressed as mean ± SD. Patients were classified as either ''non-fallers'' or ''fallers'' (one or more falls) based on data gathered during the prospective 6-month observation. Differences between groups were determined using Pearson's chi-square test. The non-paired t test and MannWhitney U test were conducted to compare grading scales between non-fallers and fallers.
Both multivariate and univariate analyses were performed. Variables with a significance level of P \ 0.05 as determined by univariate analysis were selected for multivariate analysis. Multivariate logistic regression was used to provide adjusted odds ratio estimates for associations with falls.
All data were analyzed using PASW statistical software (version 18 for Windows; SPSS Inc., Japan). For all analyses, a P value \0.05 was considered significant. This study was approved by the local ethics committees of the Faculty of Medicine, Tottori University (No1264), and Hakuai Hospital.
Results
Of the 74 patients enrolled, 70 (94.6%) completed a 6-month prospective observation. One patient was unable to followup. Three patients were withdrawn from the study because contralateral TKA was performed during the study period.
Incidence of falls Twenty-three of 70 patients (32.9%) fell during the observational period; 6 subjects fell twice each, while 4 subjects fell 3 times each. One patient sustained a dislocated shoulder and two patients had bruises and slight injuries due to falling. There were no fall-related fractures during the 6-month observational period.
Patient characteristics
Characteristics of non-fallers and fallers are presented in Table 2 . There was no significant difference between the two groups except for the number of patients with eye problems, cardiac disease, and diabetes, which tended to be higher in fallers than non-fallers (P = 0.051, P = 0.065, P = 0.058, respectively).
Physical examinations and performance tests
Physical examination and performance test variables are presented in Table 3 . Postoperative range of knee flexion (range 80-140°) was significantly lower in fallers than in non-fallers (P = 0.016). Six of 70 patients (8.6%) had less than 100°of knee flexion, 23 of 70 patients (32.9%) had less than 120°and more than 100°of knee flexion. 41 of 70 patients (58.6%) had more than 120°of knee flexion.
Postoperative ranges of knee flexion and extension (range 60-135°) and ankle plantar flexion (range 40-70°) were significantly lower in fallers than in non-fallers (P = 0.037, P = 0.014, respectively). Preoperative knee flexion (range 80-145°) and ankle dorsal flexion (range 5-30°) tended to be lower in fallers than non-fallers (P = 0.055, P = 0.070, respectively).
Two of 70 patients (2.9%) had more than moderate instability of the knee that had undergone TKA. 27 of 70 patients (38.6%) had hallux valgus (scale of 2-4) and 18 of 70 patients (25.7%) had limited ankle mobility. Mean index of kyphosis was 8.3 ± 3.6% (range 2-20%). There were no significant differences between the two groups in terms of preoperative range of knee extension, preoperative range of knee flexion and extension, postoperative range of knee extension, knee instability, muscle strength during knee extension, hallux valgus, degree of limitation of ankle mobility, and degree of kyphosis.
One-leg standing time (range 0-32.5 s), mean gait speed (range 0.3-1.53 s/m) and step length (0.2-0.71 m) showed no significant differences between the two groups.
Self-administered questionnaires
The results of the self-administered questionnaires (JKOM, GDS, and MFES) are presented in Table 4 . 44 of 70 patients (62.9%) scored less than 50 on the JKOM (range 29-95). Based on GDS score, 21 of 70 patients (30.0%) had probable depression (GDS score [5 and B10) while 6 of 70 patients (8.6%) had definite depression (GDS score [10) . 45 of 70 patients (64.3%) did not achieve full scores on the MFES (range 22-140). There were no significant differences between the two groups in terms of JKOM, GDS, or MFES scores.
Multivariate logistic regression analysis
Postoperative range of knee flexion was divided into 6 groups of 10 degrees each (range 80-140°). Postoperative range of knee flexion and extension was similarly divided into 8 groups of 10 degrees each (range 60-135), and range of ankle plantar flexion was divided into 6 groups of 5 degrees each (range 40-70°).
In the multivariate analysis, postoperative range of knee flexion and ankle plantar flexion were determined to be significant risk factors (Table 5 ). Patients with a higher postoperative range of knee flexion were less likely to fall; a 10-degree increase significantly reduced the odds of falling during the observation period by 72.3%. Similarly, patients with a higher range of ankle plantar flexion were less likely to fall; a 5-degree increase significantly reduced the odds of falling by 40.6%.
Discussion
The present study examined for the first time the relationship between falls and physical function among elderly persons who had undergone TKA. Our prospective investigation demonstrated that 23 out of 70 elderly TKA patients fell at least once during the 6-month observation period. The incidence of falls was 32.9%, which was higher than one study's previously reported incidence range of 10-20% [35] among elderly in Japan, and another study's annual incidence of 29.3% among people between the ages of 75 and 79 [36] , similar ages to the subjects in this study.
Swinkels et al. [14] examined whether or not the incidence of falls changed before and after TKA in patients with OA or RA. They found an incidence of 24.2% both before and after TKA. The authors speculated that TKA lowers fall incidence because the estimated incidence for community-dwelling elderly people was 33% and the number of falls was reduced after TKA. The annual incidence of falls among patients with RA was reported to be 50% [37] , indicating that these patients are at risk. The incidence of falls among patients with OA is also speculated to be high. Levinger et al. [15] reported that 48% of patients fell during the year prior to TKA and another study showed that the annual incidence among elderly women with musculoskeletal pain in lower extremities was 39% [38] . Thus, although TKA may reduce the incidence of falls in patients with OA or RA, elderly people who underwent TKA are considered more likely to fall compared with healthy elderly people.
In the study by Swinkels et al. [14] , subjects were surveyed using self-administered questionnaires that included the WOMAC and Activities-specific Balance Confidence (ABC) Scale before and after TKA. However, the results of these questionnaires did not demonstrate any risk factors for postoperative falls. Similarly, the results of the selfadministered questionnaires in the present study, including [39] and greater errors in estimated reach distance in the elderly who fell compared with those who did not fall [40] , it is possible that our subjects who fell overestimated their ability to perform activities and selected the answers ''no difficulty'' or ''I can do it'' in self-administered questionnaires. Swinkels et al. [14] found that the preoperative GDS score was a risk factor for falls. In our study, although approximately 40% of subjects had either probable or definite depression, there was no difference between fallers and non-fallers. Therefore, no particular relationship between depression and falls was identified in this study.
In the present study, the occurrence of falls was prospectively examined after objectively evaluating the physical function of elderly individuals who underwent TKA. Our results showed significant differences in postoperative range of knee flexion, postoperative range of knee flexion and extension and range of ankle plantar flexion between fallers and non-fallers. Fallers demonstrated lower values in all three parameters. In addition, multivariate analysis showed that postoperative ranges of knee flexion and ankle plantar flexion were risk factors for falls among the elderly who underwent TKA.
Among activities of daily living, the motion in which limited knee flexion is most likely to cause falls is rising from a chair. Itokazu et al. [41] conducted biomechanical analyses of patients who underwent TKA to examine the relationship between knee flexion angle and the motion of rising from a chair, and showed that patients whose range of knee flexion was limited (1008 or less) required higher angular velocity of the hip and higher swing velocity to lift the trunk forward than patients whose range of motion was larger. When individuals whose knee flexion is limited attempt to force themselves to rise from chairs by increasing the flexing action of the trunk and hip in order to compensate for limited knee flexion, they may fall forward or, if the center of gravity of their upper bodies does not sufficiently shift forward, lose their balance and fall backwards. These individuals may trip while ascending steps or experience difficulty in lowering their center of gravity while descending steps, leading to loss of balance and falls.
Limited knee flexion also frequently causes falls while walking. In normal walking, it is speculated that people repeat flexion and extension of their knees twice in a gait cycle with a maximum flexion angle of approximately 65° [ 42] , while gait analysis after TKA [43] has revealed that the knee flexion angle of the swing phase is smaller than that of healthy elderly people. Therefore, patients who cannot sufficiently flex their knees while walking may trip over obstacles and fall. Moreover, crouching requires 130°o r greater knee flexion [44] . Thus, these motions are difficult for elderly who have undergone TKA and have limited knee flexion, again potentially leading to loss of balance and falls.
Range of ankle plantar flexion is the most important ROM of joints during the push-off phase of the gait cycle and in ensuring the toe-off. Barak et al. [45] conducted a gait analysis of healthy elderly people in their seventies who fell during the past 6 months, and reported that their range of ankle plantar flexion during the push-off phase of the gait cycle was smaller than that of those who did not fall. Furthermore, another study showed that smaller range of ankle plantar flexion during the push-off phase leads to delayed heel-off, which is compensated for by movements including excessive ankle dorsal flexion of the foot and anteversion of the trunk in order to move forward [42] . Such compensation may disturb balance, pushing the body forward and causing falls. The small ranges of both knee flexion and ankle plantar flexion in the fallers in our study suggests that they may have joints with limited ROM throughout their bodies. We speculated that the decrease in ROM of the joints in the lower limbs, in particular, coupled with impaired motor skills, can cause falls.
One of the limitations of this study is its small sample size. However, as a result of the detailed physical examinations and performance tests we conducted on all subjects, sufficient objective data for various indices were obtained and significant risk factors for falls that are characteristic of elderly people who underwent TKA were obtained despite the small number of subjects. Another limitation is that the incidence of falls and physical function were not compared with those of any control group. Direct comparison of many of our examined variables could not be performed in this study, and we therefore compared our results with those of similar previous studies and characterized the incidence of falls among elderly individuals who had undergone TKA. In the future, this incidence should be compared with that of healthy elderly people or patients with OA or RA who have equivalent levels of physical function. In addition, comparison of physical function and studies on changes in the incidence of falls before and after TKA should also be performed.
In conclusion, this 6-month prospective study of elderly subjects who underwent TKA revealed a fall incidence of 32.9%, higher than that in elderly population in general. Reduced postoperative ranges of knee flexion and ankle plantar flexion were determined to be risk factors for falls among the elderly who underwent TKA. For patients with limited knee flexion, improvement of ROM by exercise therapy and patient education regarding the prevention of falls and fractures are considered necessary.
